Objective: Cocaine dependence is a major international public health concern. Its chronically relapsing nature is possibly related to craving intensity, which can be influenced by diverse biological and psychological aspects. This study aimed to evaluate the role of different personality traits in craving measured throughout a psychosocial treatment program. Method: The sample comprised 66 cocaine-dependent outpatients who were enrolled in an individual and manualized cognitive-behavioral therapy program. The influence of personality traits on craving intensity, frequency, and duration was analyzed using a generalized estimating equations model with an autoregressive correlation structure. Results: Craving varied during treatment. The personality traits of novelty seeking, reward dependence, and harm avoidance interacted with craving intensity, and the personality trait of persistence interacted with craving duration throughout the treatment period. Furthermore, there were significant interactions between drug use and craving intensity, and between different routes of administration and craving intensity. Participants who used cocaine/crack while in treatment and concurrent users of crack (i.e., freebase) cocaine and powder cocaine also had a higher craving intensity. Conclusion: The extent of craving variation can depend on certain personality styles. This study shows that craving is influenced by personality traits, and this may presumably change clinical expression involved in disease.
Introduction
There are approximately 0.9 million current users of cocaine in Brazil, and the Southern Cone countries together account for over two-thirds of all cocaine users in South America. In North America, there are about 1.9 million current cocaine users, with the U.S. having the highest prevalence rate (2.4% of the population between 15 and 64 years of age). 1 Although cocaine use disorders are a major international public health concern, to date, there is no effective pharmacotherapy for cocaine dependence, and standard psychosocial treatments seem to be ineffective for many cocaine-dependent patients.
Although cocaine-dependent individuals list several reasons for using this drug, the feeling states of euphoria and craving seem to be the main reinforcers of addiction. The chronically relapsing nature of cocaine dependence is possibly related to different dimensions of craving, whose measurement during treatment can be helpful in monitoring patients' clinical status and, presumably, assessing their risk for relapse. In fact, craving reduction has been a target outcome in the testing of certain medications and in the evaluation of psychotherapies such as cue exposure therapy. 2 Cocaine craving can be stimulated by several internal cues, such as dysphoria and boredom, and by external triggers, such as white powder, cash, liquor, needles, and other environmental cues that bring to mind previous cocaine use experiences. 3 Several factors can also influence measures of craving, such as recent history of drug use and the treatment setting. In addition, craving is related to multiple dimensions, including biological and psychosocial aspects. In the psychological field, certain personality traits have been posited to impact the craving experiences of cocaine-dependent individuals. 4 High impulsiveness and novelty seeking (NS) seem to be associated with craving in individuals with alcoholism, 5 and alcohol misuse is a highly prevalent problem among cocaine/crack users. 6 In addition, NS seems to be linked to the use of illicit substances in non-clinical samples. 7 Furthermore, neuroticism and impulsiveness have been correlated with craving among nicotine-and opiate-dependent subjects, 8, 9 and harm avoidance (HA) has been associated with positive reinforcement smoking. disorders, 11 and that almost 25% of crack cocaine users have antisocial personality disorder. 12 In fact, several personality traits, including NS, anxiety, and impulsiveness, are associated with addiction, and this indicates the necessity of identifying personality dysfunctions and styles when treating dependent individuals.
Although personality traits may not be stable over the lifespan, their stability within relatively short periods seems to be high. 13 In contrast, craving is a fairly labile phenomenon and repeated measures must be carried out over the course of treatment. Unfortunately, many studies have evaluated craving only at baseline in longitudinal studies, or even from a cross-sectional perspective. This design is insufficient to evaluate the extent to which craving can be influenced by other variables, such as personality traits.
If certain personality traits influence craving during treatment, researchers should pay more attention to this possible interaction when developing new and presumably effective management strategies. Our study aimed to evaluate the role of different personality traits in craving as measured over the course of treatment. We hypothesized that the personality traits of NS, HA, and impulsiveness would be associated with cocaine craving.
Methods

Participants
The sample was drawn from a universe of 18-to-60-year old male patients with a diagnosis of cocaine dependence as per the ICD-10 who enrolled as outpatients in the Assistance Sector of the Interdisciplinary Group of Studies on Alcohol and Drugs at the Universidade de Sã o Paulo (PROGREA). This service is dedicated exclusively to the treatment of men with drug abuse and dependence problems.
Participants met the following inclusion criteria: a) ICD-10 criteria for cocaine dependence; b) report of cocaine use at least four times in the month prior to admission; and c) duration of cocaine use for a period of at least 12 months preceding enrollment into the study. Exclusion criteria were as follows: a) , 18 years or o 60 years of age; b) serious clinical comorbidities (e.g., inadequately controlled diabetes, heart failure, alcoholic cirrhosis, seizure disorders); c) previous treatment with any psychotropic medications within 6 months of this study; d) concomitant psychiatric disorders evaluated by the Mini International Neuropsychiatric Interview (MINI version 5.0) 14 ; e) current use of any psychotropic medications; f) inability to give full informed consent; and g) clinical history of mental retardation (which may reduce the accuracy of the information given).
Participants were informed about the objectives of the study and the nature of the treatment offered. All patients were assured of the confidentiality of the data and were informed that they were free to withdraw their consent and could discontinue their participation in the study at any time without any negative effect on their continued medical care. After signing consent for screening, participants underwent psychiatric and physical examination by our staff. This study was approved by the Ethics Committee of Hospital das Clínicas da Faculdade de Medicina da Universidade de Sã o Paulo (HC-FMUSP), Brazil.
All participants were also encouraged to participate in Narcotics Anonymous (NA) groups, but this was not an obligatory condition for participation in the study.
Measures
In the first interview, after a full history and clinical examination, patients who fulfilled entry criteria were evaluated. A standardized semi-structured interview to collect information on socio-demographic characteristics, lifetime drug history, family history of cocaine problems, daily consumption of cocaine, age at onset of cocaine use, years of cocaine use, and preferential route of administration was performed. This interview is commonly used in the therapeutic setting of PROGREA.
All participants were evaluated with the measure listed below.
The Timeline Follow-Back (TLFB)
This self-reported substance abuse method was used to obtain reports of alcohol and cocaine use at the screening visit (the previous 30 days), and in the weekly visits (daily use during treatment). 15 The primary outcome measures derived from TLFB data were the amount and frequency of cocaine use. The TLFB was administered by a trained researcher at screening and at each weekly visit throughout the trial.
Addiction Severity Index-6 (ASI-6)
The ASI is a structured interview to assess drug and alcohol use and areas of functioning usually affected by substance abuse, such as the medical, employment, family/social, psychiatric, and legal domains. In the 6th version, there is one set of summary scores available, the ASI-6 Summary Scores for Recent Functioning (SS-Rs). The SS-Rs refer to status/functioning in the past 30 days, and provide objective information derived from items based on a combination of rational and empirical methods. They are psychometrically derived using nonparametric item response theory and classical psychometric methods. There is one score in each problem area, except for family/social, in which there are three different scores: family/social problems, family/social support, and child problems. They represent standardized t scores with a mean equal to 50 and a standard deviation (SD) equal to 10; the scores theoretically range from 0 to 100. Higher scores indicate greater problem severity. The ASI-6 has been validated for the Brazilian context. 16 
Minnesota Cocaine Craving Scale (MCCS)
The MCCS is composed of five items that correspond to the intensity, frequency, duration of craving, changes in relation to previous weeks, and the craving response to medication. For this study, we evaluated intensity, frequency, and duration. 3, 17 At baseline and at weeks 4, 8, and 12, participants answered the following questions: On average, how strong has your craving for cocaine been during the past 4 weeks? On average, how many times a day have you experienced craving for cocaine during the past 4 weeks? On average, how long (in minutes) has the craving for cocaine lasted during the last 4 weeks?
Temperament and Character Inventory (TCI)
The TCI is a self-administered psychometric instrument validated for use in the Brazilian context. 18 It measures seven personality dimensions in accord with a psychobiological and dimensional model that integrates the role of certain neurotransmitters (serotonin, dopamine, noradrenaline) in regulating behavior.
These dimensions are divided into four scales of temperament and three of character.
The temperament scales are:
NS: tendency towards exploratory activity in response to novelty, lack of inhibition, impulsiveness. This dimension is related to the level of control and excitability and corresponds to the sum of four subscales measuring more specific traits: exploratory excitability (11 items), impulsiveness (10 items), extravagance (9 items), and disorderliness (10 items).
2)
HA: tendency to anxiety, shyness, worry, and avoidance of punishment. This dimension is assessed by means of four subscales: anticipatory worry (11 items), fear of uncertainty (7 items), shyness (8 items), and fatigability (9 items).
3)
Reward dependence (RD): attachment and social attachment systems. It is associated with dependence on external approval. This dimension encompasses three subscales: sentimentality (10 items), attachment (8 items), and dependence (6 items).
4)
Persistence: capacity to maintain behavior in adverse conditions. It is characterized by making demands on self, hard work, and striving for excellence. It has a single eight-item scale.
The character scales are: 1) Self-directedness: related to maturity, strength, and selfsufficiency. Capacity to manage behavior guided by goals chosen voluntarily and individually and not by circumstances, impulses or external stimulus. This dimension is assessed as the sum of five subscales measuring more specific related traits: responsibility (8 items), purposefulness (8 items), resourcefulness (5 items), self-acceptance (11 items), and congruent second nature (12 items). 2) Cooperativeness: reveals an inclination towards social tolerance, empathy, friendliness, altruism, and respect for others. This dimension includes: social acceptance (8 items), empathy (7 items), helpfulness (8 items), compassion (10 items), and pure-heartedness (9 items). 3) Self-transcendence (ST): reflects a tendency towards spirituality, idealism, religious or mystical feelings, and identification with the wider world, as well as the ability to accept ambiguity and uncertainty, and a sense of communion with others. This dimension encompasses three subscales: self-forgetfulness (11 items), transpersonal identification (9 items), and spiritual acceptance (13 items).
The Barratt Impulsiveness Scale (BIS-11)
The BIS-11 is a self-report scale composed of 30 items with Likert-type questions that provide a total score of impulsivity and three subscores: attention, lack of planning, and motor impulsivity. Scores vary from 30 to 120, there is no established cutoff point, and their validity was verified in Brazil. 19 
Procedures
Each participant was enrolled in an individual and manualized treatment program based on the Marlatt & Gordon 20 relapse prevention model. This treatment was cognitive-behavioral and psychoeducational in nature and was conducted by two physicians with intensive training in managing individuals suffering from addiction. Patients attended cognitive-behavioral therapy (CBT) once per week for 12 weeks. The period of 12 weeks was used because this is the standard length of CBT treatment. The overall goal of these interventions was to increase the person's ability to cope with high-risk situations that could precipitate relapses. During the sessions, the patients were recommended to monitor good and bad daily situations throughout their treatment. These situations were discussed with the patients' physicians and, when possible, related to the addictive behavior. The following topics were standardized and applied to each patient during their treatment: management of negative mood, assertiveness, drug refusal skills, enhancement of social support networks, and relapse prevention.
Statistical analysis
We used the generalized estimating equations (GEE) 21 approach, which accommodates repeated-measures data and accounts for within-subject correlations. Nonnormally distributed variables were log-transformed. The influence of personality traits on craving intensity, frequency, and duration throughout the treatment was analyzed by using the GEE model with an autoregressive correlation structure. For all statistical tests performed, a significance threshold of 0.05 was adopted. Data were analyzed using SPSS version 20.
Results
Sixty-six patients completed the four assessments and were included in analysis. As shown in Table 1 , the mean age of the patients was 30.6867.17 years; 36% were married; 62% were white; and 33% had not reached a 12th-grade education level. The mean age of onset of cocaine use was 20.5165.79 years, and the mean duration of cocaine use was 10.1766.05 years. Forty-one (62.12%) patients were cigarette smokers and 57 (86.36%) were currently alcohol users. Twenty-seven (40.91%) were powder cocaine users, 17 (25.76%) reported using cocaine by the smoking route (crack cocaine), and 22 (33.33%) were dual users. No subjects reported using cocaine by the intravenous route of administration.
Temperament and character effects on craving intensity
As shown in Table 2 ASI-6 = Addiction Severity Index-6; BIS-11 = Barratt Impulsiveness Scale; SD = standard deviation; TCI = Temperament and Character Inventory. * Measured by the Minnesota Cocaine Craving Scale.
Personality traits and cocaine craving
There were no significant effects of other temperament and character traits and impulsiveness on craving intensity throughout the treatment. As illustrated in Figure 1 , cocaine use during treatment predicted craving intensity (chi-square [ 
Temperament and character effects on the frequency of craving
As illustrated in Table 2 , the effects of temperament and character traits and impulsiveness on the frequency of craving throughout the treatment were not significant. Figure 1 Craving intensity among cocaine-dependent outpatients by self-reported cocaine use Figure 2 Craving intensity among cocaine-dependent outpatients by route of administration
Temperament and character effects on the duration of craving
As illustrated in Table 2 , of the temperament and character traits, only persistence was significantly associated with the duration of craving throughout the treatment (chi-square [ 
Discussion
The current study examined the associations between temperament and character dimensions --as assessed by Cloninger's TCI --and cocaine craving, measured over the course of an outpatient treatment. The findings indicated that the personality traits of NS, RD, and HA interacted with craving intensity, and that persistence interacted with craving duration. In line with our initial hypotheses, NS and HA were found to be aspects that require evaluation during craving assessment.
Dependent individuals appear to experience increases in craving following drug cessation (tonic craving) and in response to situational factors, such as exposure to environmental cues, negative affect, and stress (phasic craving). In addition, rather than remaining stable, the degree and pattern of tonic and phasic cravings vary meaningfully across individuals and over time. These variations appear to be related to the previous patterns of substance use, but also may be influenced by inherited personal characteristics. Moreover, evidence of neuroadaptive changes within the dopamine system and in other neurotransmitter systems has been used to explain craving fluctuations over time. 22 The study of temperament underscores the notion that craving-related factors may be mediated by psychological traits that change neuroendocrine function and regulate clinical expression involved in disease. Neurobiological studies have indicated that the anticipation of reward, which is mediated by dopaminergic neurotransmission, can be reflected in the personality trait of NS. In fact, NS has been correlated with the extent of the cocaineinduced increase in extracellular dopamine in the ventral striatum. Exploratory behavior (one of the main aspects of NS) in novel environments has been associated with the propensity to self-administer cocaine in animal experiments. Cocaine may elicit a dopamine-mediated thirst for the drug; consequently, high novelty seekers would be particularly vulnerable to cocaine use. In addition, repeated cocaine use would aggravate this characteristic, altering the corticostriatal circuitry, increasing reward seeking, and producing decision-making deficits that, in turn, further increase the chance of selfadministering cocaine. 23 Similarly, the actual pleasant or hedonic experience of reward, which is mediated by opiate neurotransmitters, can be reflected in the personality trait of RD. 24 Indeed, mopiate receptor availability in the ventral striatum in abstinent alcoholic patients has been shown to be correlated with craving for alcohol and an important risk factor for relapse. 25 Studies have also found an association between HA and craving among drug, 26 tobacco, 10 and alcoholdependent individuals. 27, 28 Among cigarette smokers, subjects with high HA experience greater abstinenceinduced increases in irritability, anxiety, restlessness, and depression. These individuals are more likely to use drugs for negative reinforcement purposes. 10 HA has been associated with serotonin function, although the direction of this association is still uncertain. 29 Although the personality dimension of persistence was not associated with craving intensity, it was related to the duration of craving throughout treatment. Persistence has been correlated with perfectionism, resilience, conscientiousness, and self-judgment. 30 This temperament trait could be related to self-vigilance of one's own thoughts, feelings, and symptoms. Persistence has been associated with dopamine receptor polymorphisms and reward systems. 31 Different neurotransmitter systems seem to be associated with different facets of craving. Specifically, the dopamine system appears to be responsible for dissociable facets of motivation, including the incentive salience of the drug. The opioid system is related to the hedonic impact of the drug. The serotonin system is linked to the modulation of behavior.
Our study also showed a significant interaction between drug use and craving intensity during treatment. Drug users had a higher craving intensity than nonusers. Broadly speaking, craving is densely interwoven with drug use in the conceptualization of addiction. Increased drug craving in response to cocaine use has been well documented in several studies; similarly, high ratings of craving predict drug use and relapse in dependent individuals. 32, 33 Some studies have evaluated craving in response to different routes of administration of cocaine and have shown that the frequency of craving is higher in individuals dependent on crack cocaine than among those dependent on powder cocaine. 34, 35 Although our study did not demonstrate a difference in craving intensity throughout treatment between crack and powder cocaine users or between powder cocaine and dual users, dual users had a higher craving intensity than crack cocaine dependents. The route of administration likely has a strong influence on the immediacy, intensity, and duration of the pharmacological effect of the drug, which supports the hypothesis that the route of administration affects the development and maintenance of drug use. Dual users can differ from mono users with regard to drug use severity. 36 In addition, dual users can have easier access to cocaine, given the different forms, prices, and availability of the same drug, and may be exposed to a wider range of environmental cues.
There are several and competing ways to measure craving. 37 We evaluated three dimensions of craving (namely, intensity, frequency, and duration) and found that personality traits interacted differently with each one. The inconsistent findings in the literature may be due to the myriad of ways available to measure craving. Nevertheless, studies that have examined the role of personality in craving have repeatedly shown that some personality aspects, mainly NS and HA, are associated with craving. However, it is important to note that craving significantly varies during treatment and that the extent and depth of this variation can depend on certain personality styles. In addition, our study was carried out in an outpatient setting; therefore, patients could have access to cocaine/crack and be exposed to diverse environmental cues during the study, which could have influenced craving measures. We have investigated the self-reported drug usage data and verified this information by contacting a family member of each patient for each appointment. No significant interaction was observed between drug use and these personality traits. Nevertheless, it was not possible to investigate the extent to which our subjects were exposed to environmental cues.
This study has several limitations that must be mentioned: a) our sample size was small. In truth, it is very difficult to obtain cocaine-dependent individuals who are adherent to an outpatient psychosocial treatment program, given the high dropout rates commonly observed in this population; b) inclusion criteria for sample collection were overly restrictive. We excluded participants with non-life-threatening clinical conditions and diverse psychiatric comorbidities. This may have harmed the representativeness of our sample because of selection bias; c) although the scale used to measure craving is easy to administer and score, is suitable for repeated measurements, and is sensitive to rapid changes in the psychological state being assessed, it can fail to reflect the presumably multidimensional nature of craving, e.g., its obsessive and compulsive aspects 38 ; d) cocaine use assessment was based on self-report. This can lead to the perception (warranted or otherwise) that these outcome measures are less rigorous than biochemical ones. However, there seem to be discrepancies between self-reported cocaine use and urine assays at baseline, but not at follow-up assessments 39 ; e) our results cannot be extrapolated to women, given that other studies have already shown a significant effect of gender on craving experiences 40 ; f) only cocaine users who agreed to participate in this study were included. Hence, it is not clear whether these findings would apply to individuals who would refuse to participate in clinical studies or fail to meet the inclusion criteria; g) no other psychotherapeutic procedures or incentives were provided alongside CBT. Such incentives might have increased patient retention.
Studies about the effect of Cloninger's temperament dimensions on cocaine craving at baseline and throughout a treatment are scarce in the literature. Furthermore, studies on the influence of different personality dimensions in drug craving using any other instruments are virtually non-existent. This is surprising, given that craving can be related to external and internal cues, and that cueelicited craving is an index of approach behavior towards alcohol and drugs of abuse. A less effective response inhibition or a higher NS trait could weaken the inhibition of approach behavior to such cues and contribute to relapse. Understanding and predicting crack/cocaine craving by means other than obvious characteristics such as quantity and time of last use is clinically relevant for treatment planning.
